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1. Introduction
The scientiﬁc assessment of management protocols for cleft lip
and palate raises numerous methodological issues. These protocols
cover long periods of time – from birth to the end of pubertal
growth – and many controllable and non-controllable factors
inﬂuence the surgical outcomes, such as, among many others, the
choice of the surgical techniques, the timing of the different
procedures, the skills of the various surgeons involved, details in
the post-operative care, the quality of the orthodontic manage-
ment and speech therapy techniques [1–3].
The maxillofacial and plastic surgery department at Necker -
Enfants Malades University Hospital is a very active national cleft
center managing 200 new primary cases every year. In 2012, the
department changed its surgical team and management protocol
for children with cleft lip and palate. Until 2012, protocol No. 1
involved an early closure of the lip at the age of 1–3 months
followed by a combined closure of the soft and hard palate at the
age of 6–9 months. Bone graft for alveolar cleft reconstruction was
not part of protocol No. 1. From 2012, protocol No. 2 was applied:
the soft palate and the lip were closed at 6 months of age, the hard
palate was closed at 18 months of age and the alveolar bone graft
was performed between ages 4 and 6, using an iliac donor site.
Alveolar cleft reconstruction was preceded by the placement of an
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Aim and scope: Result assessment in cleft surgery is a technical challenge and requires the development of
dedicated morphometric tools. Two cohorts of patients managed according to two different protocols
were assessed at similar ages and their palatal shape was compared using geometric morphometrics.
Material and methods: Ten patients (protocol No. 1) beneﬁted from early lip closure (1–3 months) and
secondary combined soft and hard palate closure (6–9 months); 11 patients (protocol No. 2) beneﬁted
from later combined lip and soft palate closure (6 months) followed by hard palate closure (18 months).
Cone-Beam Computed Tomography (CBCT) images were acquired at 5 years of age and palatal shapes
were compared between protocols No. 1 and No. 2 using geometric morphometrics.
Results: Protocols No. 1 and No. 2 had a signiﬁcantly different timing in their surgical steps but were
assessed at a similar age (5 years). The inter-canine distance was signiﬁcantly narrower in protocol
No. 1. Geometric morphometrics showed that the premaxillary region was located more inferiorly in
protocol No. 1.
Conclusion: Functional approaches to cleft surgery (protocol No. 2) allow obtaining larger inter-canine
distances and more anatomical premaxillary positions at 5 years of age when compared to protocols
involving early lip closure (protocol No. 1). This is the ﬁrst study comparing the intermediate results of
two cleft management protocols using 3D CBCT data and geometric morphometrics. Similar assessments
at the end of puberty are required in order to compare the long-term beneﬁts of functional protocols.
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intra-oral orthopedic expansion device (Quad-Helix) and the graft
was performed when the inter-canine distance was over 32 mm,
before the eruption of the permanent incisors and canines [3].
In order to compare the outcome of cleft lip and palate closure
between protocols No. 1 and No. 2, we retrospectively included
the last series of patients initially managed according to protocol
No. 1 and included into protocol No. 2 at the age of 4 (in 2012),
when eligible for alveolar cleft reconstruction. We compared the
3D structure of their maxilla based on Cone-Beam Computed
Tomography (CBCT) images with a series of patients fully managed
according to protocol No. 2 since birth. Using morphometric
geometrics [4,5], we assessed the differences in maxillary
structures between the two groups.
2. Material and methods
We included 10 patients managed according to protocol No. 1
and included into protocol No. 2 at 4 years of age (group No. 1),
and 11 patients initially managed according to protocol No. 2
(group No. 2), without agenesis of the lateral incisors. We
considered CBCTs performed before orthopedic maxillary expan-
sion. We recorded the following parameters: age at primary
surgery, age at secondary surgery, age at CBCT and inter-canine
distance (measured on 3D reconstructions obtained from the
CBCTs).
We deﬁned three anatomical regions on the surface of the
palate:
1. palatal tip (in red), extending to a horizontal line distal to the
canines;
2. median palatal region (in white), covering the rest of the hard
palate down to the maxillo-palatine sutures and;
3. posterior palate (in green), covering the surface between the
maxillo-palatine sutures and the posterior choana (Fig. 1).
A palatal plane was computed in order to ﬁt the palatal surface
using the least-square method. The z-axis was deﬁned as normal to
this palatal plane. The barycentre of the palatal tip was computed
and projected on the palatal plane. The barycentre of the posterior
palate was computed and similarly projected on the palatal plane.
The x-axis was deﬁned using these two projections. The displace-
ment vectors between the two groups were projected into these
axes. We considered the ﬁrst 5 principal components, accounting
for 80% of the variance, after having tested the multi-normality of
the dataset using a Henze–Zirkler test from the MVN package [6] in
R (R Development Core Team (2008). R: a language and
environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. ISBN 3-900051-07-0, URL http://
www.R-project.org). A multivariate analysis of variance (MANOVA
test) for each individual in the space of the ﬁrst 5 principal
components was performed.
3. Results
Group No. 1 consisted in 7 boys (6 left-sided clefts and 1 right
sided cleft) and 3 girls (2 left-sided clefts and 1 right sided cleft).
Group No. 2 consisted in 7 boys (6 left-sided clefts and 1 right sided
cleft) and 4 girls with left-sided clefts. The mean ages at CBCT were
not different between the two groups: 5.95  1.01 years for group
No. 1 and 5.09  0.97 for group No. 2 (P = 0.06). The ages at primary
surgery were different between the two groups: 1.92  0.96 months
for group No. 1 and 5.09  1.16 months for group No. 2 (P < 0.001).
The ages at secondary surgery were also different between the two
groups: 8.4  1.22 months for group No. 1 and 15.64  4.59 months
for group No. 2 (P < 0.001) (Table 1). The inter-canine distance for
group No. 1 was 2.56  0.32, and was signiﬁcantly shorter than the
inter-canine distance for group No. 2, which was 2.90  0.28
(P = 0.026).
Fig. 1. Deﬁnition of the total region of interest on the surface of the palate (in red), and of the three different zones used in the morphometric analyses: (1) palatal tip (red), (2)
median palatal region (white) and (3) posterior palate (green).
Table 1
Clinical characteristics of groups No. 1 and No. 2.
Sex ratio (m/f) Cleft side (L/R) Mean age at CBCT (y) Age at primary surgery (mo) Age at secondary surgery (mo)
Group No. 1 7/3 8/2 5.95  1.01 1.92  0.9 8.4  1.22
Group No. 2 7/4 10/1 5.09  0.97 5.09  1.16 15.64  4.59
m: male; f: female; L: left; R: right; CBCT: cone-beam computer tomography; y: years; mo: months.
Distances between palatal surfaces from groups No. 1 and No. 2
were computed for the whole palate, the palatal tip and the
posterior palate (Table 2). The MANOVA test in the space of the ﬁrst
5 principal components showed that the 2 groups were
signiﬁcantly different for the position of the palatal tip, while
the rest of the palatal surface was superimposable (Table 3).
Graphical rendering of these results showed that the different
between groups No. 1 and No. 2 was predominantly located in the
tip of the hard palate, in the premaxillary region.
4. Discussion
Various morphometric methods have been used to assess cleft
anatomy [7–13] and the outcomes of cleft repair [14,15], based on
2D radiographic data [7,8], 3D radiographic data [9,10] and
digitized dental casts [11,15]. Our study is nevertheless the ﬁrst, to
our knowledge, to use 3D CBCT data in order to compare the
outcomes of two different management protocols based on
geometric morphometrics.
Protocol No. 1 involved early lip closure (at
1.92  0.96 months) and secondary combined soft and hard palate
closure (at 8.4  1.22 months); protocol No. 2 was based on
functional considerations [3,16,17,18] and favored later lip closure
associated with soft palate closure using intra-velar veloplasty (at
5.09  1.16 months) followed by hard palate closure (at
15.64  4.59 months). Protocol No. 2 allowed minimizing palatal
scars and could potentially favor transversal and sagittal palatal
growth [3,19,20]. Here, we showed that the inter-canine distance at
5 years of age was signiﬁcantly smaller in protocol No. 1, thus
suggesting that the functional approach to cleft surgery could favor
transversal maxillary growth [20]. This transversal effect was
nevertheless not conﬁrmed by geometric morphometrics (Table 3
and Fig. 2) and most probably requires assessments beyond 5 years of
age. Interestingly, we showed that, at 5 years of age, the main
differences between the palatal shapes in protocols No. 1 and No. 2
were located at the palatal tip, in the premaxillary region. This ﬁnding
was in line with previous results from the literature, which reported
an inferior displacement of the premaxilla in cleft patients [12,13];
Table 2
Displacements between groups No. 1 and No. 2 (in centimeters).
Whole palate Palatal tip Posterior palate
x y z x y z x y z
Mean displacement 0.25 0.03 0.09 0.36 0.13 1.03 0.14 0.05 0.22
Minimal absolute displacement 0 0 0 0 0 0 0 0 0
Maximal absolute displacement 1.01 0.82 1.73 0.73 0.74 1.73 0.5 0.77 0.65
Mean of the displacement norm  standard deviation 0.56  0.34 1.15  0.29 0.40  0.18
Fig. 2. Displacements between groups No. 1 and No. 2 according to the x-, y- and z-axes, showing that the differences in shape predominated at the tip of the palate, in the
premaxillary region. For each displaced point, the round end represented group No. 2: the signiﬁcant downward displacement of the palatal tip in group No. 2 was thus
ﬁgured by a positive (in red and yellow color codes) downward shift of the round ends of each individual displacement along the z-axis. Protocol No. 2 furthermore induced a
trend for posterior transversal narrowing (y-axis, not signiﬁcant); the sagittal dimension (x-axis) was not signiﬁcantly affected at 5 years of age.
Table 3
MANOVA tests showing that the position of the palatal tip region is signiﬁcantly different in groups No. 1 and No. 2 in the principal component space.
df P F df1 df2 p
Whole palate 1 0.29 2.09 5 26 0.09
Palatal tip 1 0.34 2.68 5 26 0.04
Posterior palate 1 0.09 0.52 5 26 0.75
Df: degree of freedom; P: Pillai’s trace; F: Fisher F-test; df1, df2: degrees of freedom used in determining the F 
statistics; significant results in red.
based on these previously published results, we support the fact that
functional protocol No. 2 allows obtaining a palatal shape closer to
normal than protocol No. 1.
5. Conclusion
Comparing the results of two cleft management protocols as a
whole is an impossible task. By considering discrete steps within
these protocols, and by focusing on speciﬁc 3D objects and limited
morphometric parameters (here: 3D palatal shape), we could
demonstrate a signiﬁcantly different palatal structure resulting
from two approaches to cleft surgery:
 early lip closure;
 functional approach involving lip and soft palate closure at
6 months of age [3,19].
The causes of these differences cannot be deduced from our
results; it is nevertheless generally hypothesized that lip surgery at
6 months of age allows a better anatomical reconstruction that in
early surgery, and that a two-step palatal closure minimizes
scarring [20]. These two factors most probably inﬂuence palatal
growth, and more precisely premaxillary growth; interestingly, the
premaxillary region is the only signiﬁcantly modiﬁed region
between protocols No. 1 and No. 2 according to our results. Our
ﬁndings are obtained at an intermediate age. Longer follow-up
assessments would provide more deﬁnitive arguments in favor of
the use of a functional approach in cleft lip and palate
management.
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